Inflation and its associated uncertainty impose costs on real economic output in every economy. In developing economies, this welfare cost is higher than those obtainable in developed countries because inflation rate is still higher than desired, mostly double-digit in Africa. In contrast to conventional conditional mean approaches, this study employed quantile regressions and cross-sectional data from 44 African countries for the period 1986 to 2015 to examine the relationship between the level of inflation and inflation uncertainty. This study considers two measures of inflation -Inflation rate and mean inflation, and three different measures of inflation uncertainty -standard deviation, relative variation and median deviation of the inflation rate. The study found evidence of positive and significant association between inflation and its uncertainty across quantiles. It also found that higher inflation brings about more inflation variability, thereby supporting the Friedman-Ball hypothesis and on the other hand high inflation uncertainty prompts rises in inflation, confirming the Cukierman-Meltzer hypothesis. The study therefore recommend that policy makers should target low average inflation rates in order to reduce the negative consequences of inflation uncertainty, which in turn can improve economic performance in Africa.
1.
Introduction Inflation is considered to be a major economic problem all over the world; therefore, the central banks devote a significant amount of resources at their disposal to fight it. Hence, the primary objective of monetary policy is to ensure price stability. The focus by most central banks on price stability derived from the overwhelming empirical evidence that it is only in the midst of price stability that sustainable growth can be achieved. Price stability however does not connote constant price level, but it simply means that the rate of change of the general price level is such that economic agents do not worry about it. Thus inflationary conditions imply that general price level keeps increasing over time.
The policy makers are so obsessed about inflation because of its implication on the economy. Low and stable inflation rates allow the private sector to plan for the future which leads to a lower need for costly price adjustments, prevent tax distortion and thus create a stable business environment. On the other side, high and unstable inflation, discourages long term planning, reduces savings and capital accumulation, reduces investment, brings about shift in the distribution of real income and consequent misallocation of resources and creates uncertainty and distortions in the economy (Friedman, 1977; Dotsey and Ireland, 1996; Lucas, 2003) . Therefore, inflation rate serves as the nominal anchor on which the central banks rely to maintain price stability. However, in managing the inflation rate in an economy, information on the link between inflation and its uncertainty play an important role (Elder, 2004; Fountas et al., 2006; Chowdhury, 2014) .
Accordng to Tsyplakov (2010) , a paramount question of the monetary theory is whether the inflation rates are positively correlated with uncertainty about the future price level and whether a causal link exists between inflation and inflation uncertainty. Hence, the direction of the relationship between inflation rates and its uncertainty has become the focus of theoretical and empirical investigations. Based on the hypothesis that higher inflation is related to greater inflation uncertainty put forward by Arthur M. Okun, Friedman (1977) and Ball (1992) provided intuitive and formal arguments that show a positive influence of higher inflation on the uncertainty about inflation. The main thrust of their argument hinges on the uncertainty on the part of agents in an economy trying to gauge the preferences of monetary policy makers toward inflation and the policy responses to rising rate of inflation (Sintim-Aboagye and Byekwaso, 2005) . Cukierman and Meltzer (1986) on the other hand present a theoretical proposition based on Barro-Gordon set up (Barro and Gordon, 1983) and show that an increase in uncertainty about money growth and inflation will increase the optimal average inflation rate because it provides an incentive to the policymaker to create an inflation surprise in order to stimulate output growth.
Other theoretical explanation of the inflation and inflation uncertainty link is provided by Pourgerami-Maskus and Holland Hypotheses, which reject the harmful effect high inflation has on predictability of prices such that negative relation between inflation and inflation uncertainty thus exist, by these hypotheses. In contrast to Friedman (1977) and Ball (1992) , Pourgerami and Maskus (1987) predicts that an increase in inflation may be associated with lower average uncertainty, since agents invest more resources in forecasting inflation. Similarly, Holland (1995) asserts that an increase in inflation uncertainty can bring a reduction in inflation rate as an outcome of the stabilization policy pursued in times of greater inflation uncertainty. In the so-called "stabilizing Fed hypothesis", Holland assumes that stabilization tendencies of central bank increase in high inflation periods in order to reduce the welfare costs of disinflationary policies when inflation uncertainty is high (Javed, Khan, Haider and Shaheen, 2012; Barimah and Amuakwa-Mensah, n.d) .
Inflation and its associated uncertainty impose costs on real economic output in every economy. In developing economies, this welfare cost is higher than those obtainable in developed countries because inflation rate is still higher than desired, especially in Africa where inflation rates is often double-digit. Thus, there is need for policy makers in African region to understand the major channels through which inflation affects the real economy so as to reduce the detrimental economic consequences and welfare costs of rise in the inflation rate. According Chowdhury (2011) , one of such channel comes from the effects that higher inflation has on inflation uncertainty. Hence, this study exist to investigate inflation -inflation uncertainty relationship for African economies. 2017 , Vol. 7, No. 11 ISSN: 2222 939 www.hrmars.com A significant amount of research has been conducted in developed countries and emerging economies to establish these hypotheses and mixed results are reported: among the most recent papers are those by Yeh, Wang and Suen (2009), Tsyplakov (2010) , Javed, Khan, Haider and Shaheen (2012) , Hegerty (2012) , Nasr, Ajmi, Gupta and Eyden (2014) , Falahi and Hajamini (2015) , Bamanga, Musa, Salihu, Udoette, Adejo, Edem, Bukar and Udechukwupeterclaver (2016) . These studies found the evidence supporting Friedman and Ball hypothesis using variant of Generalized Autoregressive Conditional Heteroskedasticity (GARCH), except Tsyplakov (2010) and Nasr, Ajmi, Gupta and Eyden (2014) who employs Vector Autoregression with timevarying parameters and Gaussian Markov switching vector autoregressive framework respectively.
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Using quantile regression, Fang, Miller and Yeh (2007) finds support for both FriedmanBall and Cukierman -Meltzer hypotheses and some other studies confirm the result employing GARCH framework (Fountas, Karanasos and Karanassou, 2000; Sintim-Aboagye and Byekwaso, 2005 ; Barimah and Amuakwa (n.d.); Chowdhury, 2011; Otenga-Abayie and Doe, 2013; Sharaf, 2015) . Testing Cukierman -Meltzer hypothesis, Hachicha and Lean (2013) confirms the hypothesis for Tunisia while Grier et al. (2004) using GARCH model on US data and Thornton (2007) study on Israel, Mexico, Colombia and Turkey data, fail to support Cukierman -Meltzer hypothesis but report that inflation uncertainty affects inflation rate negatively thus provide evidence for Holland hypothesis.
In contrast to time-series tests in individual countries, this study applies quantile regressions to the unconditional inflation and inflation uncertainty relationships for a crosssection of 44 African countries over 1986 to 2015. This study is different from the previous studies in two regards. First, almost all studies (except Fang, Miller and Yeh, 2007 and Yeh, Wang and Suen, 2009) on the relationship between inflation and its uncertainty use GARCH type models, variants of VAR specification, Pearson product-moment correlations or ordinary least squares (OLS) regression analysis, to determine the mean effects of inflation variables via the conditional mean regression. These methods only provide summary statistics for measuring the impact of covariates without characterizing the full distributional impact of inflation. In contrast, this paper applies the quantile regression introduced by Koenker and Bassett (1978) , to examine the validity of the Friedman-Ball and Cukierman -Meltzer hypotheses across different quantiles of the unconditional inflation uncertainty distribution.
Contrary to Fang et al. (2007) that applies quantile regression method to examine twoway causality between inflation and measures inflation uncertainty for 152 countries of both developed and developing economies from 1993 to 2003, this study focuses on sample of 44 African countries over 1986 to 2015, since, a larger sample size can minimize the chances of spurious results from relatively few observations. The empirical study that focuses on African economies is important following the debate on whether implementation of inflation targeting would help in improving its macroeconomic performance. Hence, the hypotheses which stipulate that rapid price increases lead to rise in inflation uncertainty and/or its reversal effect need to be investigated. Since quantile regression has become an ever more important instrument in estimating quantile-specific effects that describe the impact of variables not only 2017 , Vol. 7, No. 11 ISSN: 2222 940 www.hrmars.com on the center but also on the tails of the outcome distribution, the study provide new empirical insight to inflation-inflation uncertainty nexus in Africa.
Second, the study considered a measure of inflation -the mean inflation and three different measures of inflation uncertainty -the standard deviation, relative variation, median deviation to examine the robustness of the relationship between inflation and its volatility.
The paper is structured as follows: the next section describes quantile regression framework and section 3 presents data and method employs in this study. Section 4 provides estimation and analysis of the results; while section 5 concludes the study and offer policy implications.
2.
QUANTILE REGRESSION Quantile regression as introduced in Koenker and Bassett (1978) is an extension of classical least squares estimation of conditional mean models to the estimation of the whole conditional distribution of response variable (see Koenker, 2005 , for a more recent treatment).
Given the data ( , x ′ for t = 1, . . . , T, where xt is k × 1, consider the following linear specification for the conditional quantiles of y:
where is the dependent variable and xt is a vector of explanatory variables. Our primary objective is to estimate β for different conditional quantile functions. Assuming that the specification above is correct, we will be able to depict the conditional distribution in detail when more quantile regressions are estimated. Moreover, the conditional distribution would be skewed to the left if the upper quantile lines are close to each other, relative to the lower quantile lines. It has been found in many applications that the estimated quantile regressions are quite different across quantiles. This suggests that regressors may have distinct impacts on the dependent variable at different locations of the conditional distribution (Kuan, 2007) .
While the formulation of the quantile regression model is analogous to the conventional mean regression model, important differences arise in model estimation. The essential feature of a regression analysis is to examine the manner in which a set of explanatory variables affects the conditional distribution of a dependent variable. In the classical econometric techniques (Ordinary Least Squares, Instrumental Variable and Generalized Least Squares), the component around which the dependent variable randomly fluctuates is the conditional mean E[y/x, β]. However, unlike the classical approach, which amounts to estimating the conditional mean of the conditional distribution of y, the quantile estimator is employed on different quantiles of the conditional distribution.
As described by Koenker and Bassett (1978) , the estimation of β is done by minimizing equation (2); 2017 , Vol. 7, No. 11 ISSN: 2222 
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The quantile function is a weighted sum of the absolute values of the residuals. Where the weights are symmetric for the median regression case in τ = ½, the minimization problem above reduces to k ( and asymmetric otherwise. It thus can be observed that varying the parameter τ on the [0,1] interval will generate the entire conditional distribution of inflation rates and/or inflation uncertainty series. The coefficient βi(τ) can then be interpreted as the marginal impact on the τ th conditional quantile due to a marginal change in the i th policy variable. The quantile regression approach makes it possible to identify the effects of the covariates at different points on the conditional distribution of the dependent variable. For example, if the dependent variable is the inflation rate and suppose τ =0.05, i.e countries that are in the left tail of the conditional distribution of inflation rate (low-inflation countries) and τ =.95, that is, countries that are in the upper tail of the conditional distribution of inflation rate (high-inflation countries). Under traditional mean regression methods the slope coefficient is constrained to be the same for all quantiles, as such there is insufficient information on how policy variables affect countries differently. Mello and Novo (2002) construed that the ability to distinguish the effects of policy variables among different quantiles is important empirically. Following Fang, Miller and Yeh (2007) , the study estimate the following linear quantile regression models specified as;
DATA AND METHOD (WITH MODEL SPECIFICATION)
where infunci equals the measure of the inflation uncertainty of country i and infi equals the measure of the inflation rate of country i; ατ, βτ, μτ and δτ equal parameters to be estimated for different values of τ, and, ετi and ϵτi are the random error terms. By varying from 0 to 1, the study can trace the entire distribution of inflation uncertainty (or inflation), conditional on inflation (or inflation uncertainty). Friedman and Ball predict that βτ > 0 and Cukierman and Meltzer, that δτ > 0. Using quantile regressions and cross-sectional data from 44 African countries over the period 1986 to 2015, the study examines the relationship between inflation and its uncertainty. For reason discuss in section two, the quantile regression is employed because it has the appealing feature that allows for estimation of family of unconditional quantile function which provides a more complete picture of covariate effects. This study considers two measures of inflation -Inflation rate (equals the annual rate calculated as the percentage change in the logarithm of consumer price index) and mean inflation (average inflation for sample countries) and three different measures of inflation uncertainty -standard deviation (uncertainty1), relative variation (uncertainty2) and median deviation (uncertainty3) of the inflation rate. The relative variation is defined as standard deviation of inflation divided by one plus the mean of inflation as suggested by Davis and Kanago (1992) . 2017 , Vol. 7, No. 11 ISSN: 2222 942 www.hrmars.com Table 1 shows the summary statistics as well as statistics for the seven countries with the highest and lowest means and standard deviations of the inflation rates. It reveals that both the mean and the median exhibit highly right-skewed distributions with outliers, as evidenced by a larger mean than the median. Therefore, the data features provide justification for the use of quantile regression since the departures from normality with skewed tails is evident. 2017 , Vol. 7, No. 11 ISSN: 2222 Niger with low inflation rate do not have corresponding low inflation volatility. Therefore, lowinflation countries may exhibit different patterns between inflation rate and its uncertainty from high-inflation countries. Table 2 reports the results of estimating the Friedman-Ball hypothesis. The OLS regression generates positive and significant coefficient of inflation at the 1% level. The fivequantile regression (τ = 0.05, 0.25, 0.50, 0.75 and 0.95,) estimates of inflation, conditional on inflation uncertainty, all prove positive and significant at the 1% level. These results support the Friedman-Ball hypothesis that inflation creates inflation uncertainty. Moreover, the quantile regression results illustrate that the marginal effect of inflation on inflation uncertainty increases as one moves from lower to higher inflation variability quantiles, except in 0.25 quantile where the marginal effect falls by 14 percent. That is, at higher inflation uncertainty quantiles, inflation exerts a larger effect on inflation uncertainty such countries as Uganda, Zambia and Sierra Leone. This evidence suggests that potential information gains associate with the estimation of the entire conditional distribution of inflation volatility, as opposed to the conditional mean only.
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EMPIRICAL RESULTS
Panel B of Table 2 reports the results of estimating the Cukierman-Meltzer hypothesis. All estimates of inflation uncertainty show positive and significant at the 1% level. The marginal effects of inflation uncertainty on inflation rise significantly across quantiles for countries such as Sudan, Zambia and Uganda. Therefore, the findings surmise that higher quantiles in both cases lead to larger marginal effects of inflation (inflation uncertainty) on inflation uncertainty (inflation). Hence, using Mean and Standard Deviation of the Inflation rate, both Friedman-Ball hypothesis and Cukierman-Meltzer hypothesis are supported for African countries. 2017 , Vol. 7, No. 11 ISSN: 2222 946 www.hrmars.com Table 3 reports the OLS and quantile estimates for the Friedman-Ball and Cukierman-Meltzer hypotheses, using the mean and the relative measure of variation of the inflation rate. The result of ordinary least squares regressions is found to be positive but not statistically significant. The results of quantile regression reported in Panel A shows that at the 0.05th, 0.25th, and 0.75th quantiles, inflation has positive and significant effect on inflation uncertainty, although the coefficients is small in magnitude ranging from 0.0097 to 0.0125. similarly, Panel B shows that Inflation uncertainty positively affects the inflation rate significantly except at the 0.95th quantile, when the estimated coefficient is insignificant. It can also be observed that the inflation uncertainty progressively rises across quantiles up to the 0.5 quantile while the marginal effect falls by 20% in the 0.75 quartile. Thus, using relative variation as a measure of uncertainty, the study finds support for the Friedman-Ball and CukiermanMeltzer hypotheses in the quantile specifications.
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However, at the 0.95 quantile in Panel A, there is an evidence of negative association between inflation and inflation uncertainty as suggested by Pourgerami and Maskus (1987) ,that inflation rate gives a lower level of uncertainty using a model in which economic agents invest more resources in forecasting inflation as inflation rises, subsequently leading to lower nominal uncertainty. A formal analysis of this effect is presented Ungar and Ziberfarb (1993) . 2017 , Vol. 7, No. 11 ISSN: 2222 947 www.hrmars.com The OLS regressions results presented in Table 4 find a significant positive inflation-uncertainty relationship. Table 4 reports the estimates for the Friedman-Ball and Cukierman-Meltzer hypotheses, using the mean and median deviation of the inflation rate. Inflation rate significantly and increasingly affects the inflation uncertainty at each of the quantiles except at 0.95 quantile in Panel A, where the marginal impact of inflation reduces by 7%. Similarly, inflation uncertainty significantly and increasingly affects inflation rate at each of the quantiles. Therefore, the use of the mean and the median deviation produces a positive correlation, supporting the Friedman-Ball and Cukierman-Meltzer hypotheses and confirming the findings for the mean and standard deviation as well as the mean and the relative variation. Table 2 -4 which was based on average series for both measures of inflation and inflation uncertainty, Table 5 reported the OLS and quantile estimates for the Friedman-Ball and Cukierman-Meltzer hypotheses, using 1496 observations of inflation rates and ARCH generated series for inflation uncertainty for the sample countries. The OLS regressions results find a significant positive inflation-uncertainty relationship. Positive correlation was confirmed for both Friedman-Ball and Cukierman-Meltzer hypotheses. In Panel A, inflation increasingly affects inflation uncertainty at each of the quantiles steadily until at 0.95 quantile when the impact becomes more than 200 per cent of what the impact was at 0.75 quantile. Countries that might have this high positive impact of inflation rate on uncertainty are Uganda and Sierra Leone. Similarly in Panel B, at quantiles 0.5 through 0.95, the marginal impact of uncertainty on inflation increase successively by more than 240%. Whereas, the impact of inflation uncertainty on inflation rate is small and statistically insignificant at 5% level in quantile 0.05 and quantile 0.25, but it is significant at 10% level.
In sum, the finding shows that the effect of inflation on the inflation uncertainty is stronger for countries in the upper quantiles than for those in the lower quantiles, that is the inflation uncertainty incurs high costs for countries in the top quantiles. There is a feedback process between inflation and inflation uncertainty, such that the Friedman-Ball and Cukierman-Meltzer hypotheses hold simultaneously in sample Africa Countries. These findings is similar to the results reported on nine Africa countries in Hegerty (2012) , Sharaf (2015) on Egypt, Barimah and Amuakwa-Mensah (n.d) and Albulescu, Twari, Miller and Gupta (2015) on U.S. data. Nevertheless,
5.
Summary and Concluding Remark Inflation and its associated uncertainty impose costs on real economic output in every economy. This welfare cost is higher in developing African economies, where inflation rate is mostly double digit. Hence, there is need for policy makers in African region to understand the major channels through which inflation affects the real economy so as to reduce the detrimental economic effects and welfare costs of rise in the inflation rate.
Therefore, the study employed quantile regressions and cross-sectional data from 44 African countries for the period 1986 to 2015 to examine the relationship between the level of inflation and inflation uncertainty. The main finding of the study is evidence in positive and significant association between inflation and its uncertainty across quantiles. It also found that higher inflation brings about more inflation variability, thereby supporting the Friedman-Ball hypothesis and on the other hand high inflation uncertainty prompts rises in inflation, supporting the Cukierman-Meltzer hypothesis.
These have important implications for the relationship between inflation and output given the substantial empirical evidence that higher inflation uncertainty is detrimental to economic growth as asserted in Sharaf (2015) . The study therefore recommend that policy
